Visual and musculoskeletal disorders are prevalent among visual display terminal (VDT) operators. This problem has been widely discussed in the scientific literature [1] [2] [3] [4] . It is believed that improper VDT workstation design contributes to the development of these disorders. An improperly designed workstation places the VDT operator into a number of awkward postural positions. Awkward posture is highly related to musculoskeletal pain and eyestrain in VDT workers.
employers prefer to hire disabled men and women because they stay on the job, tend to their business and are cooperative. To improve the occupational situation of disabled people, the government of Taiwan has published legal regulations concerning quota systems and financial support. Hence, many disabled persons such as wheelchair users have been hired to perform computer-related tasks in various areas of work.
Nowak 10) investigated the workspace for disabled young with motor dysfunction in the lower extremities. Seventeen measurements were taken of 32 boys and 45 girls aged [15] [16] [17] [18] . The results showed that the workspace required for the disabled is smaller than that for able-bodied employees. Jarosz 11) researched the workspace of adult wheelchair users. One hundred and one men and sixty-nine women with impairments in the lower extremities were tested. Eighteen anthropometric characteristics were measured in the sitting position. The results revealed that the workspace required for wheelchair users was smaller than that for the able-bodied population. This should be taken into account when designing workspaces for wheelchair users. In addition, Jarosz 11) compared the eye level of the disabled and healthy populations. The results showed that the eye height of the disabled population is smaller than that required by the healthy. The wheelchair users recruited for this study all had spinal cord injuries. Both the workspace required and eye height for the disabled were smaller than that required for ablebodied employees. Therefore, this study investigates the screen height and inclination effects on visual fatigue and musculoskeletal discomfort for Chinese wheelchair users in a VDT data entry task.
A two-factor randomized complete block design with blocking on the subjects was used to evaluate the screen height and inclination effects on visual fatigue and musculoskeletal discomfort. Three screen heights and three screen inclinations were investigated. Based upon a previous study 15) , low screen height is linked to musculoskeletal stress. Because the subjects were disabled with spinal cord injuries the screen heights, from the monitor center to the floor, were set at eye level, 5 cm below eye level and 5 cm above eye level (approximately 5˚ above and 5˚ below the horizontal line from the eyes) according to each subject's eye level height. The screen surface inclinations relative to the vertical were set at 0˚, 5å nd 10˚ tilt backward. Visual fatigue was measured using the change in critical fusion frequency (CFF), near point accommodation (NPA) and a visual complaint questionnaire 12) . CFF is the lowest frequency at which a flickering on-off light appears to be constant. The CFF value was the mean of two repeated ascending trials. The NPA value was the mean of two near point accommodation trials approaching from near to far. The larger the CFF and NPA values, the better it is for the user. The questionnaire comprises the following six items: (1) I have difficulties in seeing; (2) I have a strange feeling around the eyes; (3) My eyes feel tired; (4) I feel numb; (5) I feel dizzy looking at the screen; and (6) I have a headache. Musculoskeletal discomforts in the fingers, wrist, elbow, arms, shoulders, neck and lumbar region were estimated using a body part discomfort scale, i.e., Borg-RPE Scale 13) . The Borg's numbers were from 6 to 20 to represent "No pain at all" to "Maximal pain". The VDT workstation was illuminated by fluorescent lamps. The background luminance was about 350 lux. Figure 1 shows the experimental combinations and workstation setup.
This research was approved by the Ethics Committee of the Ergonomic Center at Huafan University. Eight Chinese male wheelchair users with spinal cord injuries were recruited from the EDEN Social Welfare Foundation (ESWF) as subjects for this experiment. The subjects' ages ranged from 20 to 45 yr. All of the subjects were touch-typists that had frequently used VDTs for word processing. All subject's had 0.8 corrected visual acuity or better and normal color discriminations. The subjects were compensated for their participation and signed an informed consent form before the experiment. to measure the critical fusion frequency (CFF) and near point accommodation (NPA) respectively.
The subjects were seated in a wheelchair and asked to perform a data-entry task within a 30-min period. All subjects were seated upright during the data-entry operation. The height of the screen center was adjusted according to the eye level of each subject. The subjects' viewing distance was 70 cm from the screen center. The keyboard was set to elbow height. The keyboard distance was set so that with the subject's upper arms were vertical with the elbows bent 90˚ and fingers comfortably extended. The subject's fingertips reached the numerical row. The document holder was placed at the side at the same height as the screen. Each subject was given three practice sessions (10 min) to become familiarized with the experimental procedure and task before the experimental data were collected. The CFF and NPA values were recorded before and after the experimental tasks. At the end of the experiment, a body part discomfort scale and a visual complaint questionnaire were used to evaluate the subjects' subjective musculoskeletal discomfort and visual strain for each experimental combination, respectively. Each subject performed data-entry tasks for all 9 combinations in a random order. On any given day, data for only one experimental task was collected for each subject at the same time each morning.
The dependent variables were CFF, NPA, visual fatigue rating and body part discomfort rating. The independent variables were screen height and screen inclination. To examine the independent variable effects the data were analyzed using a factorial ANOVA design. Duncan's multiple range test was used for post hoc comparison. An alpha level of 0.05 was selected as the minimum level of significance. Table 1 lists the mean and standard deviation values for the changes in CFF and NPA before and after each experimental task. The subjective visual fatigue and body part discomfort ranking was conducted after each task was performed. The ANOVA and Duncan multiple range test results are summarized in Table 2 .
As shown in Table 2 , the analysis of variance showed that the screen height had a significant effect on the changes in CFF values (p<0.01). However, the screen inclination had no significant effect on the changes in CFF values (p>0.05). The Duncan multiple range test in Table 2 also shows a significant difference (p<0.05) in the changes in CFF among the various screen heights. It was found that the eye level height was the best, the -5 cm height (below eye level) was next, and the +5 cm height (above eye level) was the worst.
As can be seen in Table 2 , both the screen height and inclination had significant effects on the changes in NPA values (p h <0.01 and p i <0.05). The Duncan test for the screen height showed a significant difference (p<0.05) between the various screen heights. The -5 cm height was the best, the eye level was second best, and the +5 cm height was the worst. The 0˚ screen inclination was the best. No significant difference was found between the 5å nd the 10˚ screen inclinations (see Table 2 ).
The ANOVA analysis results in Table 2 show that both the screen height and inclination had significant effects on the subjective visual fatigue rating (p<0.05). The subsequent Duncan test indicated that the 0 cm (eye level) screen height was significantly superior to the +5 cm height, but not significantly different from the -5 cm height. The screen inclination results were consistent with aforementioned NPA result. The 0˚ screen inclination was the best with the 5˚ and 10˚ inclinations showing no significant difference from one another (p>0.05).
Based upon the analysis of variance (Table 2) , the screen height had no significant effect on the overall subjective body part discomfort rating values (p>0.05). However, the screen inclination effect on the overall subjective body part discomfort rating values was statistically significant (p<0.05). Additional Duncan tests showed that the overall values for the 0˚ inclination was signifi- cantly superior to the 10˚ inclination, but not significantly different from the 5˚ inclination. In addition, the ANOVA analysis showed that the rating values among various body parts were significantly different. The most stressed body part was the lumbar region. The major objective of this study was to investigate the screen height and inclination effects on visual fatigue and musculoskeletal discomfort for wheelchair users. The aforementioned results revealed that the screen height significantly affected the changes in CFF and NPA values and the subjective visual fatigue rating. However, no significant effect was found on the body part discomfort subjective rating. Further analysis (Table 2) showed that both the eye level height and 5 cm below the eye level height were better than the 5 cm above the eye level height.
As mentioned by Sommerich and Joines 14) , screen height is an important parameter in workstation design and directly affects postural and visual considerations. Most of the studies revealed that high screen height is related to visual stress. Low screen height, however, is linked to musculoskeletal stress 15) . There is no ideal screen placement that can simultaneously minimize both musculoskeletal and visual strain. However, there may be a location or zone, in which both can be reasonably low. Sommerich et al. 14) offered this concept and conducted a study to test the effects of computer monitor viewing angle (0˚, -17.5˚ and -35˚) and related factors on strain, performance and performance outcomes. The results showed that the middle placement (-17.5˚ viewing angle) offered generally lower muscle activity, and the eye-level placement seemed better than -35˚, based on lower muscle activity. In addition, the subjects also preferred the midlevel computer monitor placement.
This study showed that the optimum screen height choice is eye level height (0˚ viewing angle) or 5 cm below the eye level (-5˚ viewing angle). This result is somewhat consistent with Sommerich et al. 14) and previous studies 6, 15) . Based upon these wheelchair users suffered from spinal cord injury, the lower monitors were not tested. However, the subjects in this study selected the upright head/neck posture to decrease the load on the spine and neck. The screen center must therefore be located at eye level.
The results also indicated that the screen inclination significantly affected the change in NPA values and the subjective visual fatigue and body part discomfort rating value. However, there was no significant effect on the change in CFF values. Further Duncan test analysis revealed that the 0˚ screen inclination was the best. The 10˚ inclination was the worst.
Bauer and Wittig 1) showed that the screen inclination had no significant effects on cervical muscle activity when the vision inclination axis fell within a range of 0˚ to 17.5˚. However, the subjective preference was significantly affected by the screen inclination when the vision axis is horizontal or inclined slightly downwards for ablebodied subjects. Grandjean et al. 6) found that the subjects preferred a backward screen inclination, between -2å nd 13˚, and the lower the screen, the greater the preferred backward screen inclination. This study confirmed results from previous studies 1, 6) . The optimum screen inclination choice is horizontal for wheelchair users.
It is interesting to note that the screen height and screen inclination interaction effect was not significant. This finding is contrary to the study by Grandjean et al. 6) , in which the lower the screen, the greater backward screen inclination is preferred. A possible reason for this preferred decreased in screen inclination was that wheelchair users tend to maintain an upright posture to decrease trapezius, cervical and thoracic spine erector activity. Generally, the results showed that the main screen height and screen inclination effects were significant. However, the interaction effect was not significant. For the screen height, the least visual fatigue was at the 0 and 5 degree below horizon position. For the screen inclination, the least visual fatigue was 0˚ tilt backward. In general, the optimum screen height choice for wheelchair users is at eye-level height or 5 cm below it where the screen inclination is vertical (0˚ tilt backward).
